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Question 1 (9 pts)

The following circuit makes use of a transconductance (voltage-to-current)
amplifier to create a current in Ry The amplifier has an input resistance of IMO
and an output resistance of 1000. There are M diodes (n=2) in parallel with the
load R;. You may use the constant voltage drop model for these diodes.
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a) [2 pts] Find a condition on the short-circuit transconductance Gys so that all
the diodes can conduct.

For the remaining parts of this question, let Gys = SOmA/V
b) [2 pts] Determine the current in each diode as a function of M.

c) [2 pts] Draw the small-signal model for this circuit, assuming all diodes are
conducting.

d) [3 pts] Assume there is a small input voltage ripple vs = |vg|sin(wt) as shown.

What magnitude of v causes a corresponding current ripple in the load of
110ad(t) = 100sin(wt) pA?

Question 2 (11 pts)




Consider the following circuit:
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For this question, you may use the constant voltage drop model of a diode, and
assume the diodes have n=1.

a) [2 pts] Which diodes are on and which are off when input Vs is 5V DC?

b) [2 pts] Which diodes are on and which are off when input Vs is -5V DC?

c) [3 pts] Consider the AC input V= 5sin(?t) V. Sketch a plot of this input.
On the same sketch, plot the output Vi carefully, indicating any relevant

voltages.

d) [2 pts] Consider a small-signal input vy = 10sin(?t) mV. What is the
corresponding output V?

e) [2 pts] What is the output if the input is V=15 V + 10sin(?t) mV instead?
Provide numerical answers (do not sketch).

Question 3 (11 pts)




The following figure shows a CC-CB two-stage amplifier. Transistors Q; and Q,
are identical with the same B. All capacitors are infinite.
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For the following parts, assume: Vec = 12V, Rg; = 120k0, R, = 40kO, Rp; =
1201(0, RB4 = 201(0, REl = 31(0, REZ = 11(0, RC2 = 101(0, Rcz’ = (0 and 3 = 49.

a) [2 pts] Find the DC operating point of this amplifier by calculating the
values of the collector current and emitter voltage for both Q; and Q,. You
may neglect the Early effect.

b) [2 pts] Draw the small signal equivalent circuit (you do not need to enter
numerical values for small-signal parameters).

For parts c¢)-¢), leave your answers in terms of small signal parameters (gy, Iy,
To, I and B) and the resistors shown in the schematic. You should decide where
to consider the Early effect. You may use the expressions Ry, Rpyz and Royr in
your answers.

¢) [2 pts] Find an expression for Ry
d) [1 pts] Find an expression for Ry,
e) [1 pts] Find an expression for Royr

f) [3 pts] Assume I¢c; = I, = 0.8mA. If the load Ry is attached as shown, find
the voltage gain A, = vou/Vin. YOu may neglect the Early effect.



Question 4 (13 pts)

Consider the following circuit. All FETs are operating in saturation. You must
decide for each FET whether or not to include Channel Length Modulation and the
Body Effect in your analysis.
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a) [2 pts] Draw the small signal equivalent circuit.
b) [2 pts] Find an expression for Vx/Vin.

¢) [3 pts] Find an expression for Vout/Vx.

d) [1 pts] Find an expression for Vout/Vin.

e) [2 pts] Find an expression for Routl.

f) [3 pts] Find an expression for Rout2.



Question 5 [10 pts]:

Consider the following circuit. Assume Vgg = 0.7 V for Q1 and Q2.
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a) [3 pts] Calculate the value of RC1 and RC2 that simultaneously places Q1 and

Q2 saturation/active boundary.

For parts (b) to (d), assume RC1 = RC2 = 500Q.

b) [2 pts] Draw the small signal equivalent circuit.

c) [2 pts] Calculate the differential voltage gain, vyu/vmn= (Vs - Ve2)/ Vin.

d) [3 pts] Calculate the differential input resistance, Ryy.

Question 6 (13 pts)




Consider the following circuit.

For this problem, assume that Vgs.m = Vgs-mz-

BJT Q1 is active and has =99 and Vgg=0.7

All FETs are in saturation and have V~=1V.

M2 and M3 have width W, and M1 has width 3W (three times wider) as
shown.

e For both DC and AC, neglect the Body Effect, the Early Effect, and Channel
Length Modulation (CLM). EXCEPTION: You must include CLM (DC
and AC) for M3 (use A =0.25V™).

YOG = 10V Rp o

R, = 1K /0
Re= 1k

Yo

M 1 (awli"—o——a—”:mz (W)

M3 (W)

2
Il

——@—
Bl
mII
Saa

DC Analysis

a) [2 pts] Find expressions for ALL DC CURRENTS in terms of Iy, and ?. (If
a current 1s OA you do not need to write it)

b) [1 pt] Express V. in terms of Iy,



c) [2 pts] Using results from a) and b), calculate the value of V if Iy = ImA.
(Hint: You do not need a value for kW/L to do this).

AC Analysis
d) [3 pts] Draw the small-signal model for this circuit, making appropriate
substitutions for the diode-connected FETs M1 and M2. What is the
relationship between gmy; and gmyy,?

e) [2 pts] Find an expression for input resistance Rj,.

f) [3 pts] Find an expression for the small-signal gain, vy,/Vvs, in terms of the
resistances and the small-signal parameters of the FETs and BJT.

Question 7 (10 pts)




Consider the following CMOS inverter circuit.
e FETs Mp and My have k,W/L = k,W/L = 8mA/V> and |V ,|=[V,|=1V.

e The inverter is connected to a “load” formed by FETs Mp. and My (of
width 2W). These FETs are identical to the others, but are twice as wide.

e For this problem, ignore Channel Length Modulation and the Body Effect.
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a) [2 pts] Calculate Vo and Vo for this circuit (Hinz: Identify the current that
flows in each case)

b) [3 pts] Sketch the voltage transfer characteristic of this device, indicating all
the five regions of operation. For each region, indicate the mode of operation
of each FET.

c) [2 pts] Draw the small-signal model for this device, assuming all devices are
in saturation.

d) [3 pts] If this device received Vin = 2.5 V + 10sin(wt) mV, what would be

the corresponding output voltage?
Diodes:
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FETs:

NMOS:
Cutoff: VGS < Vt ID =0
Triode: Ve >V, I, = k;v%[(VGS “V Vo —1v2 ]
Vs < Vs Vi
Vg >V
Saturation: 6 ‘ Ir = 3k, VL(VGS -V, P (1+AVy)
ps > Ve — Vi L

Body effect: V, =V, + 7/(\/2¢f +Vg — \/2¢f )

PMOS:
Cutoff:
l,=0
Ves >V, D
Triode:  Vos <Vi lp =K, V%[(vGS ~V, Vs~V ]
VDS >VGS _Vt
V.. <V,
Saturation: . I, =3k, WT(VGS ~V, P (1+ AV, )
VDS <VGS _Vt

Body effect: [\/t| = [\/t0| + 7/( 29, + [\/SB| - W)
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SMALL SIGNAL
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